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Fluorescent proteins such as green fluorescent protein (GFP) and red fluorescent protein (RFP) are valuable tools in engineered reporter mice (1) . These proteins allow for identification of cells expressing a particular gene when inserted downstream of the endogenous promoter of the gene of interest. Fluorescent reporter proteins are frequently employed in lineage tracing studies where Cre recombinase activates their expression. An example of this is the mTmG mouse, which expresses a red fluorescent membrane-targeted tandem dimer Tomato (mT) prior to Cre-mediated excision and a membranetargeted GFP (mG) after excision. Compared to experimental models with a single reporter protein, this mouse allows for visualization of both recombined (mG) and non-recombined (mT) cells (2) .
Although the natural fluorescence of reporter proteins is widely visualized in both live and fixed cells in culture, their full potential in animal systems has not been realized. The preparation of standard formalin fixed and paraffin-embedded (FFPE) tissues, while providing optimal histology, results in the inactivation of the natural fluorescence of these proteins (3, 4) . Therefore, antibodies are frequently employed to detect reporter proteins by immunofluorescence or immunohistochemistry. Frozen sections from snapfrozen tissue are often employed for experiments where visualization of the natural fluorescence of the reporter protein is desired (5); however, frozen sections often have poor tissue morphology (6) . Reduced formalin fixation time prior to paraffin embedding of the tissue has served as a compromise approach. However, not all tissue types can be adequately fixed by a short exposure to formalin, and high expression of fluorescent reporter proteins is required for best results (4, 7) .
Here we present a modified version of ethanol fixation and paraffin embedding of tissue that allows for clear visualization of the natural fluorescence of reporter proteins while maintaining excellent tissue morphology (8) . mTmG reporter mice were bred with Pdx1-cre mice (both strains purchased from The Jackson Laboratory, Bar Harbor, ME) to allow for membrane-localized GFP expression in the pancreas. Reporter mice were sacrificed at 8-10 weeks of age and whole organs were harvested and fixed in pre-chilled 95% ethanol (Decon Laboratories, King of Prussia, PA) for 20-24 h at 4°C. Tissues were dehydrated in 4 changes of pre-chilled 100% ethanol for 1 h at 4°C, and the ethanol was subsequently cleared from the samples in 3 changes of pre-chilled xylenes (Fisher Scientific, Pittsburgh, PA) for 1 h, each at 4°C. Specimens were allowed to come to room temperature prior to being permeated with paraffin (Leica Biosystems, Buffalo Grove, IL) by 1 h immersions in 4 paraffin baths at 56°C. Blocks of paraffin embedded tissue were stored in the dark at 4°C until use. Sections of tissue 5 mm thick were cut on a Leitz 1512 microtome (Leica Biosystems), and mounted paraffin sections were dried for 30 min at 40°C.
Slides were deparaffinized and washed by 1 min of gentle agitation in 2 changes of pre-chilled xylenes, 3 changes of Green fluorescent protein (GFP) and its derivatives are routinely employed as surrogate markers for gene expression and lineage tracing in genetically engineered mice. Tissues from these mice are commonly formalin fixed and paraffin embedded (FFPE) for histological studies. However, this results in inactivation of the natural fluorescence of these proteins, requiring their detection by immunological techniques. Here we present an ethanol fixation protocol that allows for the direct visualization of the natural fluorescence of reporter proteins while maintaining excellent tissue histology. We demonstrate the utility of this method for visualizing green and red fluorescent proteins in a wide range of murine tissues using both cytoplasmic and membrane-localized fluorescent reporter proteins. Tissues fixed by this method also allow for immunohistochemical studies, providing a single method to visualize the natural fluorescence of reporter proteins with subsequent detection of cellular proteins.
Benchmarks

METHOD SUMMARY
We describe a method to fix and paraffin embed tissues for visualization of the natural fluorescence of reporter proteins. This method preserves tissue histology and enables subsequent immunological detection of cellular proteins, providing a single source of tissue for diverse experimental goals.
pre-chilled 95% ethanol, and 3 changes of pre-chilled Tris-buffered saline (TBS). The cell nuclei were stained with DAPI (Sigma, St. Louis, MO) (1 mg/mL) for 5 min, followed by washing the slides with 2 changes of TBS and mounting with coverslips. DAPI and fluorescent proteins were visualized with a UV microscope. The typical mosaic pattern of expression of the Pdx1-cre construct can be readily observed by the natural fluorescence of the mT and mG proteins in the pancreas of Pdx1-cre;mTmG mice ( Figure 1A ). This method of fixation is applicable to a wide range of tissues, as tomato red fluorescence and tissue histology is preserved in liver, kidney, heart, brain, and small intestine ( Figure 1B) . The ethanol-based fixation method presented here also allows for traditional immunohistochemistry to be performed after visualization of fluorescence. The coverslips of slides visualized for fluorescence were removed, and the slides were washed in TBS, incubated in 0.3% H 2 0 2 (Fisher Scientific) for 20 min, blocked in TBS containing 0.1% BSA (Fisher Scientific) and 10% normal goat serum (Jackson ImmunoResearch Lab, West Grove, PA), and incubated with an antibody specific to GFP (Novus Biologicals Littleton, CO) overnight at 4°C. The following day, the slides were incubated with an appropriate biotinylated secondary antibody and developed with 3,3'-diaminobenzidine (DAB) (Invitrogen, Frederick, MD). Matched images of immunohistochemistry (IHC) and natural fluorescence revealed that membrane-localized GFP is readily detected by IHC in pancreatic specimens ( Figure 1A, right panels) .
A common problem with ethanol fixation of GFP-expressing cells in culture is that GFP is a soluble cytoplasmic protein and readily diffuses out of the cell (5). Employing Lgr5-EGFP-IRES-CreER mice (The Jackson Laboratory), which express enhanced GFP (EGFP) in the crypts of the small intestine, we observed that the standard ethanol fixation protocol described above suffers, at least to some extent, from a similar problem. EGFP fluorescence is readily observed in the crypts of the small intestine in freshly cut sections prior to deparaffinization ( Figure  2A) . However, after deparaffinization in xylenes, fluorescence is greatly diminished. It is worth noting that not all EGFP is lost, since its expression can still be detected by immunological methods. Therefore, it is likely that this method would allow for the detection of EGFP fluorescence in tissue where EGFP is more highly expressed. In order to visualize cytoplasmic EGFP fluorescence in tissue fixed using the ethanol-based fixation method described here, slides can be further fixed in 4% paraformaldehyde (Electron Microscopy Sciences, Hatfield, PA) for 16-24 h at room temperature prior to deparaffinization. This additional fixation is sufficient to retain EGFP in the tissue during the deparaffinization and subsequent DAPI staining process ( Figure 2B) . The mechanism by which paraformaldehyde penetrates the paraffin to fix the tissue is unknown. However, the effectiveness of paraffin as a moisture barrier is proportional to its thickness and temperature (9) . The use of thin (5 mm) sections combined with their immersion in paraformaldehyde immediately after fixing the tissue on the slides likely allows for sufficient penetration of the paraformaldehyde.
The method of tissue fixation and paraffin embedding described here allows for the visualization of the natural fluorescence of reporter proteins and offers several advan- tages over existing methods. While immunological detection of reporter proteins is commonly employed, these methods may result in either false negative or false positive expression (10) . Furthermore, due to the generally poor tissue histology of frozen sections, the use of these samples is often restricted to fluorescence analysis and therefore requires additional experimental animals for studies. Since this ethanol fixation method maintains tissue histology and provides samples that are readily amenable to immunological detection of cellular proteins, tissue fixed by this method offers a single source of material for analysis. Moreover, the ability to detect fluorescence within freshly cut slides provides for the rapid identification of tissue sections with appropriate reporter gene expression.
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